Background: Hepatic function is closely associated with prognosis in patients with hepatocellular cancer (HCC). In this study, a meta-analysis of the published studies was performed to assess the prognostic value of ALBI grade in HCC patients.
Introduction
Hepatocellular cancer is the fifth most common aggressive malignancies in the world, which leads to the second cancerrelated mortality. [1] The prognosis of hepatocellular patients was assessed according to several factors, such as hepatic function, tumor burden, hepatitis virus type, and performance status. The liver function was mostly defined by Child-Pugh's class, while Barcelona Clinic Liver Cancer staging system was used to provide guidelines for HCC treatment frequently. [2] Due to the high recurrence and mortality rate, various molecular markers have been reported to show prognostic importance in patients with HCC. [3] Among them, the ALBI (calculate as log 10 bilirubin * 0.66 + albumin * 0.085) was first proved to be not only a marker to assess hepatic function but also a prognostic factor to predict long-term survival in HCC patients in 2015. [4] Different from Child-Pugh's class, ALBI grade only contains two parameters, including albumin and bilirubin. Recently, several studies have confirmed that the ALBI grade successfully predicted the OS and DFS in HCC patients after curative hepatectomy, radiotherapy, transarterial chemoembolization, and sorafenib. [5] [6] [7] [8] However, there is still no consensus on the clinical value of ALBI grade. Because of that, the Child-Pugh's class is the only tool to assess the hepatic function. Therefore, we performed this meta-analysis to evaluate the prognostic role of ALBI grade in patients with HCC.
Methods

Literature search strategy
A systematic literature search was performed in PubMed, EMbase, Web of Science, and Cochrane library (up to August 1st, 2018). In each database, the following terms were combined as key words: (hepatocellular or liver) and (tumor or cancer or carcinoma or adenocarcinoma or malignant) and ("albumin to bilirubin ratio" or "albumin/bilirubin" or "albumin to bilirubin" or "ALBI" or "albumin and bilirubin"),as well as ("overall survival" or "disease-free survival" or recurrence or mortality, prognosis or prognostic or predict). evaluated on overall survival (OS), disease-free survival (DFS), progression-free survival (PFS), mortality or recurrence rate; (3) the survival outcomes were measured by hazard ratio (HRs) with 95% confidence interval (CIs), Kaplan-Meier curve, or data for calculating HR with its corresponding 95%CI; (4) studies were full text and published in English. The studies would be excluded if they met the following criteria: (1) case reports, reviews, letters, and comments; (2) studies could not provide sufficient data to calculate the HR with 95%CI; (3) researches were not performed on human beings; (4) nonEnglish publications.
Data extraction
All the studies were carefully reviewed, and data were extracted from each study, including study ID (first author's name and publication year), country, sample size, cancer stage, treatment method, survival outcome, analysis model, data source, and follow-up period by two independent researchers. The inconsistencies between reviewers were resolved by a third investigator through discussion. If studies could only provide Kaplan-Meier curve, the HRs for OS and DFS were extracted from them by using Engauge Digitizer version 4.1 (http://digitizer. sourceforge.net/). In this study, we extracted prognostic data as much as possible both from univariate and multivariate analyses.
Statistical analysis
In this study, we used STATA version 12.0 (Stata Corporation, Collage Station, TX, USA) to perform meta-analysis. HRs with corresponding 95%CI were used to assess the prognostic value of ALBI on OS and DFS in patients with HCC. The heterogeneity between studies was tested by Cochran's Q and Higgins I 2 statistics. If there was no heterogeneity (<50%, P > .1), fixedeffect model would be used. Otherwise, the random-effect model was applied. The high ALBI was closely associated with poor survival outcome when HR > 1. Publication bias was measured by Begg's test and Egger's test with graph. Normally, the result 
Results
Study search
A total of 299 articles were identified after searching four databases (PubMed, EMbase, Web of Science and Cochrane library) and their reference lists. Eight-seven articles remained after duplicates were removed. Then, 45 articles were removed AJCC = American joint committee on cancer, ALBI = albumin-to-bilirubin ratio, BCLC = Barcelona clinic liver cancer, CI = confidence interval, DFS = disease-free survival, HR = hazard ratio, M = multivariate analysis, OS = overall survival, RFA = radiofrequency ablation, TACE = transarterial chemoembolizatio, U = univariate analysis.
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after reading the title and abstract. After reading the full-text articles, those which could not provide HRs with 95%CI (n = 6) and irrelevant topic (n = 4) were extracted. Finally, 32 articles were included in this meta-analysis (Fig. 1 ).
Cohort characteristics
32 studies were finally included in our analysis. The sample size varied from 40 to 3030. With respect to the study region, 15 studies were performed in China, 5 in United Kingdom, 4 in Japan, 3 in Korea, 2 in Canada, 1 in Germany, 1 in Egypt and 1 in United States. The publication date ranged from 2015 to 2018. Twenty-three studies provided overall survival (OS), 2 provided disease-free survival (DFS) and 7 provided both OS and DFS. Other information including cancer stage, treatment method, and follow-up period were presented in Table 1 .
Meta-analysis on OS
The prognostic value of ALBI on OS was identified by both univariate and multivariate analyses. Because of the severe (2019) 98:2 www.md-journal.com heterogeneity (I 2 = 83.7%, P = .000), the random-effect model was used. We found that high ALBI grade was associated with poor OS (HR = 2.060, 95%CI: 1.909-2.211, P = .000). Besides, the multivariate analysis group showed similar result (HR = 1.577, 95%CI: 1.464-1.691, P = .000). The fixed-effect model was performed because of the low heterogeneity (I 2 = 15.2%, P = .272). These results illustrated that HCC patients with high ALBI grade suffered from poor long-term survival ( Fig. 2A and B) .
Meta-analysis on DFS
Nine studies with 4312 HCC patients were included for analysis of disease-free survival (DFS). Due to the low heterogeneity (univariate group: I 2 = 49.5%, P = .031; multivariate group: I 2 = 31.6%, P = .199), the fixed-effect model was used in both groups. The univariate group (HR = 1.411, 95%CI: 1.262-1.561, P = .000) and multivariate group (HR = 1.264, 95%CI: 1.042-1.485, P = .000) showed that HCC patients with high ALBI grade were closely associated with early tumor recurrence (Fig. 3A  and B) .
Subgroup meta-analysis according to potential confounding factors
We performed subgroup meta-analysis when severe heterogeneity was found in OS univariate analysis group. The OS univariate analysis group was stratified into four parameters, including treatment method, geographic area, sample size, and ALBI grade. The subsequent result (high ALBI grade is associated with poor OS) was not altered (Table 2 ).
Publication bias
Publication bias was confirmed both in OS univariate analysis group (Egger's test P = .015, Begg's test P = .018) and multivariate analysis group (Egger's test P = 0.028, Begg's test P = .081). Because the numbers of articles were <10 in DFS group, the publication bias was not performed (Fig. 4A and B) .
Discussion
To the best of our knowledge, this is the first meta-analysis assessing the prognostic value of the ALBI grade in patients with HCC. In this research, 32 studies were conducted to investigate the relationship between ALBI grade and long-term survival in HCC patients. The result consistently indicated that the high ALBI grade was significantly associated with poor survival and early recurrence in patients with HCC.
Hepatic dysfunction was closely associated with high incidence of tumor recurrence and poor long-term survival of patients with HCC. [36] The liver failure rate was about 63.1% in patients with The Child-Pugh's class was first proposed by Child in 1964. Five parameters of patients, including general condition, ascites, serum bilirubin, serum albumin, and prothrombin time, were divided into three levels scoring 1, 2, and 3, respectively. The hepatic function was divided into three levels (A, B, and C) according to the sum score, which indicated different severity of liver damage. However, the general condition of patients was often difficult to measure, so Pugh proposed to replace the general condition with the presence or absence of hepatic encephalopathy. Finally, the Child-Pugh class, most frequently used in clinic, was formed.
The ALBI grade has been proved to be a simple, evidence-based tool to assess the hepatic function of patients. Compared to the Child-Pugh's class, the ALBI grade only involves two items including albumin and bilirubin (log 10 bilirubin * 0.66 + albumin * 0.085). As first mentioned by Johnson in 2015, [4] the ALBI grade has been evaluated for long-term survival and disease recurrence in HCC patients in recent years. There are many methods to treat hepatic cancer, including curative resection, chemotherapy, transarterial chemoembolization, and radiotherapy. [6, 18, 19, 30] No matter how treatment methods changed, the ALBI grade system consistently showed significantly prognostic value for OS and DFS in patients with HCC. In the present studies, ALBI grade showed better predicted value and distribution in survival prognosis of patients with HCC than ChildPugh's class. [22, 31] Our research further confirmed that the ALBI was a good alternative grading system to assess the long-term survival and tumor recurrence in patients with HCC.
There are some limitations which should be declared here. First, the HRs with 95%CI were extracted from articles, because the original data were not available. Second, all of the studies conducted were retrospective. Most of them only provided HRs with 95%CI from univariate analysis and some only provide Kaplan-Meier curve. For that, we had to extract the survival data by using the Engauge Digitizer. Due to these, the heterogeneity in OS univariate group was severe. Third, the publication bias was found both in OS univariate and multivariate analyses groups. Only published articles were included in this meta-analysis, which might be partly responsible for that. Finally, the number of articles to assess the prognostic value of DFS was quite few, which may threaten the reliability of pooled results in that regard. Therefore, further investigations were required to confirm the prognostic value of ALBI grade in patients with HCC.
Conclusion
This meta-analysis consistently indicated that the high ALBI grade was significantly associated with poor long-term survival and early tumor recurrence in patients with HCC. ALBI grade can be used as a prognostic biomarker in HCC patients in clinical work. However, the large prospective studies should be performed to identify the predict value of the ALBI grade.
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